COMPLEMENTARY MEDICINE JOURNAL i
. Volume 15, Issue 4, Winter 2025 i

https://cmja.arakmu.ac.ir/

CrossMark

Original Article

Effect of Hydroalcoholic Extract of Pistacia atlantica Fruit on the
Formation of Glycated Hemoglobin (HbAlc) in Human Blood Sample
Under In Vitro Conditions

Seyyedeh Maryam Zamanian Dehkordi'*, Mohammad Zavarshani?
Jafarian Dehkordi3*®*, Mohsen Asgari#/, Maryam Zavarshani®

, Mohsen

1.Doctor of Veterinary Medicine, Department of Clinical Sciences, Faculty of Veterinary Medicine,
Islamic Azad University of Shahrekord, Shahrekord, Iran

2.PhD in Bacteriology, Department of Microbiology, Pasteur Institute of Iran, Tehran, Iran

3.Associate Professor, Department of Clinical Sciences, Faculty of Veterinary Medicine, Islamic Azad
University of Shahrekord, Shahrekord, Iran

4.BSc in Genetics, Department of Biology, Faculty of Basic Sciences, Islamic Azad University,
Shahrekord Branch, Shahrekord, Iran

5.PhD student in Microbiology, Department of Biology, Faculty of Basic Sciences, Islamic Azad
University, Shahrekord Branch, Shahrekord, Iran

* Cotresponding author: Mohsen Jafarian Dehkordi, Department of Microbiology, Pasteur Institute of
Iran, Tehran, Iran. Email: mjafariand@yahoo.com

DOI: 10.22034/cmja.15.4.311

How to Cite this Article:

Zamanian Dehkordi SM, Zavarshani M, Jafarian Dehkordi M, Asgari M, Zavarshani M. Effect of Hydroalcoholic
Extract of Pistacia atlantica Fruit on the Formation of Glycated Hemoglobin (HbA1c) in Human Blood Sample
Under /n Vitro Conditions Complement MedJ. 2025;15(4): 311-321. DOI: 10.22034/cmja.15.4.311

Received: .01 July 2025 Abstract

Accepted: 05 January 2026 Introduction: Glycated hemoglobin (HbA1c) is considered one of the most
important indicators for long-term glycemic control and progression of diabetic

Keywords: complications. The present study aimed to investigate the effect of the

hydroalcoholic extract of Pistacia atlantica fruit on HbAlc formation in human

g:yca?%lnH moglobin (HbAT) blood samples under /n vitro conditions.

/ny\;:/?roe emoglo ¢ Methods: In this /n vitro study, human blood samples were exposed to glucose

Plant Extract concentrations of 20 and 40 mM_and treated wnt'h dlfferent concentrations (0.1, 0.5,

Pistacia atlantica and 1 g/dL) of the hydroalcoholic extract of Pistacia atlantica fruit. HbAlc levels
were measured after 7 and 14 days of incubation using a colorimetric method, and
the results were compared with those of the positive control group. Statistical

© 2025 Arak University of Medical analysis was performed using one-way analysis of variance (ANOVA) followed by

Sciences Tukey’s post hoc test, with a significance level set at P<0.05.

Results: The results demonstrated that treatment of human blood samples with the
hydroalcoholic extract of Pistacia atlantica under hyperglycemic conditions (20 and
40 mM glucose) led to a statistically significant reduction in HbATc levels
compared with the positive control group (P<0.05). This reduction was observed at
both incubation time points, with a more pronounced inhibitory effect on day 14
compared to day 7. The greatest decrease in HbATlc was consistently observed at
the extract concentration of 0.1 g/dL across all experimental conditions. In contrast,
higher extract concentrations exhibited a reduced inhibitory effect, and in some
conditions, a relative increase in HbATc levels compared to the positive control
was observed. Overall, the findings of this study indicated that the inhibitory effect
of the hydroalcoholic extract of Pistacia atlantica on HbATlc formation was
dependent on both dose and incubation time.

Conclusion: The findings of the present work indicated that the hydroalcoholic extract
of Pistacia atlantica fruit possessed the potential to inhibit HbA1c formation under /n
vitro conditions and could exert a role in the prevention or attenuation of diabetes-
related complications through the suppression of non-enzymatic glycation. However,
further studies are required to clarify the clinical relevance of these effects.
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INTRODUCTION

Diabetes mellitus is a prevalent chronic
metabolic disorder characterized by persistent
hyperglycemia, which contributes to the
development of vascular complications largely
through non-enzymatic protein glycation and
the formation of advanced glycation end
products (AGEs) (1). Glycated hemoglobin
(HbATc) is a key indicator of long-term glycemic
control and may act as a precursor for
hemoglobin-derived AGEs (3). Although plant-
derived bioactive compounds have attracted
attention as glycation inhibitors, direct /in vitro
studies of their effects on human hemoglobin
remain limited (7). Pistacia atlantica, a native
Iranian plant rich in phenolic and terpenoid
compounds, exhibits notable antioxidant
properties (10). The present study aimed to
evaluate the effect of Pistacia atlantica
hydroalcoholic fruit extract on HbA1c formation
under hyperglycemic /n vitro conditions.
METHODS

In this in vitro study, fruits of Pistacia atlantica
were collected from mountainous regions and
botanically authenticated, after which a
hydroalcoholic extract was prepared using a
water—ethanol solvent system (12). Hemoglobin
was isolated from venous blood obtained from a
single healthy donor with no history of diabetes
mellitus or metabolic disorders in order to
minimize inter-individual variability (7). To
simulate hyperglycemic conditions, hemoglobin
samples were exposed to glucose at
concentrations of 20 and 40 mM. The samples
were then treated with different concentrations
of the hydroalcoholic extract of Pistacia
atlantica (0.1, 0.5, and 1 g/dL) and incubated in
sealed microtubes for 7 and 14 days at 37°C
under dark conditions. All incubations were
performed in phosphate buffer with controlled
pH to prevent pH-related interference with the
glycation process (13). Glycated hemoglobin
(HbA1c) levels were determined using a
validated  colorimetric  method with a

commercial assay kit (14). Data were expressed as
meanzstandard deviation, and statistical analysis
was performed using one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test. In
addition, a P-value of less than 0.05 was considered
statistically significant.

RESULTS

The treatment of human hemoglobin samples with
the hydroalcoholic extract of Pistacia atlantica under
hyperglycemic conditions resulted in significant
modulation of HbA1c formation in a dose and time-
dependent manner. At a glucose concentration of 20
mM, incubation with the extract at 0.1 g/dL for 7
days led to a statistically significant reduction in
HbATc levels compared with the positive control
(P<0.05), whereas higher extract concentrations did
not produce a significant decrease at this time point.
After 14 days of incubation, all tested extract
concentrations (0.1, 0.5, and 1 g/dL) significantly
reduced HbATc levels compared with the positive
control (P<0.05), with the greatest reduction at 0.1
g/dL. Notably, the magnitude of HbA1c reduction at
day 14 was greater than that observed at day 7,
indicating a time-dependent enhancement of the
inhibitory effect. Under more severe hyperglycemic
conditions (40 mM glucose), treatment with all
extract concentrations  significantly  decreased
HbATc formation after 7 days compared with the
positive control (P<0.05), with the maximum
inhibitory effect again observed at 0.1 g/dL. After 14
days of incubation at 40 mM glucose, significant
reductions in HbATc were maintained at 0.1 and 0.5
g/dL  (P<0.05), whereas the highest extract
concentration (1 g/dL) did not result in a significant
decrease relative to the positive control. Across all
experimental  conditions, the lowest extract
concentration consistently exhibited the most
pronounced inhibitory effect on HbA1c formation,
while prolonged incubation enhanced the overall
efficacy of the extract. A summary of quantitative
results, including  meanzstandard  deviation,
percentage changes relative to positive control, and
P-values, is provided in Table 1.

Table 1. Summary of the effects of different concentrations of Pistacia atlantica hydroalcoholic extract on HbATlc levels under

hyperglycemic conditions.

%:n:c)‘éﬁraﬁon incubationTime - Extract COnCentation  pipate (g MeanasD)  PErCenage Change e
20 7 Positive Control 9.22+0.106 — —

20 7 0.1 8.56+0.071 116.7% P<0.05
20 7 0.5 9.32+0.070 1 1.08% P<0.05
20 7 1 9.32+0.070 11.08% P<0.05
20 14 Positive Control 9.15+0.089 — —

20 14 0.1 7.62+0.070 116.72% P<0.05
20 14 0.5 8.66+0.071 15.35% P<0.05
20 14 1 8.91+0.134 12.62% P<0.05
40 7 Positive Control 20.68+0.254 — —

40 7 0.1 16.12+0.073 122.04% P<0.05
40 7 0.5 16.57+0.098 119.87% P<0.05
40 7 1 18.07+£0.113 112.62% P<0.05
40 14 Positive Control 16.86+0.141 — —

40 14 0.1 15.11+£0.149 110.38% P<0.05
40 14 0.5 15.94+0.049 1 5.46% P<0.05
40 14 1 17.37+0.042 13.03% P<0.05

The | symbol indicates a decrease, and the 1 symbol indicates an increase in the percentage of HbA1c compared to the positive control.
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CONCLUSION

Glucose concentration and duration of exposure
to hemoglobin are two critical factors
influencing the Maillard reaction and the
formation of HbATc (9). In the present study, the
direct effect of the hydroalcoholic extract of
Pistacia atlantica fruit on HbATc formation was
evaluated under  controlled  in  vitro
hyperglycemic ~ conditions. ~ The  findings
demonstrated that treatment with the extract
resulted in a significant reduction in HbATc
levels compared with the positive control,
although the magnitude of this effect varied
depending on extract concentration and
incubation time. At both 20 and 40 mM glucose
concentrations, the inhibitory effect of the
extract was more pronounced after 14 days of
incubation than after 7 days, indicating a time-
dependent enhancement of antiglycation
activity. Among the tested doses, the lowest
concentration of the extract (0.1 g/dL)
consistently exhibited the greatest inhibitory
effect on HbATc formation. In contrast, higher
extract concentrations indicated reduced
efficacy, and in some conditions, were
associated with a relative increase in HbATlc
levels compared with the positive control. This
biphasic response suggests that optimal
antiglycation activity occurs within a limited
concentration range. The observed antiglycation
effects are consistent with previous in vitro
studies reporting the inhibitory role of medicinal
plant extracts on hemoglobin glycation (8).
These effects are commonly attributed to
bioactive phytochemicals, particularly
polyphenolic and terpenoid compounds, which
may inhibit non-enzymatic glycation through
direct interaction with reactive carbonyl or
amino groups, as well as through antioxidant
mechanisms that limit oxidative reactions
associated with glycation progression (16). The

reduced efficacy at higher extract concentrations
may result from non-specific interactions between
extract constituents and hemoglobin or alterations in
the redox environment; however, this hypothesis
requires further experimental confirmation (20). In
conclusion, the present study demonstrated that the
hydroalcoholic extract of Pistacia atlantica fruit
effectively inhibited HbA1c formation under in vitro
hyperglycemic conditions in a dose- and time-
dependent manner, with maximal efficacy observed
at the lowest tested concentration. These findings
suggest that Pistacia atlantica may represent a
promising plant-derived candidate for modulating
early glycation processes related to chronic
hyperglycemia. Nevertheless, further phytochemical
characterization, mechanistic studies, and /n vivo
investigations are necessary to clarify its clinical
relevance and therapeutic potential.
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